T he visibility of the Nurses' Health Study grew through the 1980s and 1990s 1 and a broad array of lifestyle and biomarker exposure data were accumulated. 2 With this visibility grew an interest among colleagues to combine Nurses' Health Study data with other studies, as exemplified by the Oxford Collaborative group. By 1996, interest in data sharing was made explicit during peer review for continued funding of the cohort. In response to the input from peer reviewers, we established an external advisory committee and formalized a data enclave to facilitate data sharing. The external advisory committee was charged with review of external requests for data access, which at that time were limited largely to questionnaire data. Guidelines for data access were approved by the Advisory Committee and made available to potential outside users of the cohort data. Subsequently the guidelines were posted to the Nurses' Health Study 3 web site as guidelines for external collaborators. With this approach an ad hoc system was formalized that had already led to sharing of data with the Oxford Collaborative Group on hormonal factors in breast cancer. 4 One early task of the external advisory committee was to balance the requests from outside users against the research plans of investigators within the team, which included future renewals of the cohort and its substudies. Such specific aims may be stronger with additional cases accrued through further follow-up before embarking on the evaluation of a hypothesis. In addition to the plans of faculty members, another concern was the training needs of doctoral students at the Harvard School of Public Health, many of whom were funded through National Institutes of Health (NIH) training grants (such as T32 CA09001). Over 70 doctoral theses have drawn on the data resources of the Nurses' Health Study; many have included a methodologic paper from the cohort exposure assessment within their thesis. As noted by Dr. Samet, 5 this balancing of the needs and priorities of original investigators and data analysts remains a challenge for the long-term viability and scientific integrity of cohort studies, and more generally for epidemiology.
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By 2003, the NIH had implemented a policy requiring data sharing requirements for grants over $500,000 direct costs per year. 6 As a data enclave was 1 of the options that met this NIH requirement, the NHS Advisory Committee endorsed this approach at its meeting in 2003. By 2005, over 50 requests had been received from outside users. Each was reviewed for feasibility given existing data resources. Over time, access to questionnaire data was supplemented by use of biomarkers in pooling studies, 7 in addition to the creation of subsets of cohort data for teaching purposes. Investigators have included National Cancer Institute (NCI)funded initiatives such as CISNET (Cancer Intervention and Surveillance Modeling Network) 8 and others 9 including some who have submitted ROIs or completed sabbatical stays in Boston. 10 Dietary data have also been pooled from many prospective cohort studies through ongoing data sharing. 11 Among the long-term challenges of implementing this data sharing plan was the expectation by NIH that the cohort study would provide the infrastructure necessary to support the data sharing system through ongoing funding. The 2005 renewal of the Nurses' Health Study cohort funding for continued follow-up and confirmation of incident cancers, added new challenges. The NCI mandated a broader data sharing plan before funding approval. This raised the potential for conflict between the NCI mandate of greater access than could be achieved through an enclave, and existing implementation of NIH policies by other Harvard-based cohorts (that were approved under the same Partners Health Care, Institutional Review Board). Dr. O'Rourke (Director of Human Research Affairs, Partners Health Care System) was unable to resolve NCI versus NIH policy demands, though discussions with NCI were ultimately successful in retaining the data enclave as a suitable approach to data sharing.
Although the NIH policy states that "privacy must be protected at all times" NCI expressed interest in release of limited data sets, perhaps in a manner similar to the sharing of data sets implemented by the National Heart, Lung, and Blood Institute and exemplified by the Framingham data. 12 Data sharing must be free from identifiers that could lead to identification of individual research participants and deductive disclosure of the identity of individual subjects. Profession-based cohorts raise additional concerns regarding this deductive disclosure in that they are based on a limited universe of participants. Cohorts based on race, such as the Black Women's Health Study, 13 may also have unique considerations regarding public access.
To evaluate how easily a participant might be identified with widespread access to questionnaire data, we considered the 2-year follow-up interval during which individual cases of breast cancer are diagnosed, age in 5 years, smoking history (yes/no), BMI (3 categories, Ͻ25 kg/m 2 , 25-29.9, 30ϩ), and history of childbirth (yes/no). Cross-classifying these variables produced 6 cells with only 1 case. Thus, inclusion of approximate date of diagnosis (within a 2-year interval) in any public access data file looked to increase greatly the likelihood of deductive disclosure. Furthermore, breast cancer was the most frequent cancer diagnosis. How would one set a lower limit on the number of cases diagnosed in a time period to allow easy public access? How would analysis completed on the public access data set without date of diagnosis approximate analysis done by primary investigators who used time varying covariates and time to outcome?
We note that to overcome this type of concern, the National Health and Examination Survey (NHANES) has a hierarchical approach to data access such that a data enclave is implemented for sensitive data. 14 Requested SAS runs are submitted by e-mail and only printouts of tables are sent to registered email addresses. No SAS proc list, proc print etc., are allowed. This implementation clearly has substantial administrative costs.
Other issues considered in response to the initial request from NCI for greater access to data included discussions of our Institutional Review Board with study investigators on the possibility of reconsenting all participants for data sharing and disclosure. Management of such a reconsenting process, with the expectation of less-than-complete response, was a substantial concern. It would lead to 2 different data sets; a smaller reconsented cohort for publicly accessible data and a full initial cohort for internal analysis by primary cohort investigators. Accordingly, without funds for such an undertaking, we did not attempt to reconsent the whole cohort. Subsequently, reconsenting has been implemented for data sharing associated with genome-wide association studies, but this is far more manageable in the context of the nested case-control subsets identified from the cohort.
Balancing the tensions among priorities for investigators, for trainees, and for broader access to data remains a challenge for epidemiology. Additional concerns have been raised regarding data quality control on sharing and open access. As part of the management of the Nurses' Health Study cohort, extensive quality control systems are in place to check all programming for consistency before manuscript submission. Checks of numbers in text and tables against analysis print-outs are also routinely mandated before manuscript submission. Many of these quality checks and broader systems for quality control are not described in the methods of research papers but rather in grant applications. Perhaps journals will need to modify the methods section to call greater attention to data quality control systems that are implemented, should broader access to secondary analysis of epidemiologic data become standard.
As Dr. Samet notes, the field of epidemiology, practicing epidemiologists, and science administrators need to come to a common understanding of the many issues raised by data sharing. We need to develop a culture of data sharing that can maintain the integrity of studies and the high quality of data exemplified by the ongoing cohorts.
